Four adult Sprague-Dawley rats g), maintained on a 12:12 h dark/light cycle and 15% casein diet, were exposed to cold (5°C) for 77 days and then transferred back to 24OC. Throughout this period, the feeding patterns of the rats were measured with recording balances. Cold exposure caused an immediate reduction in nocturnal meal frequency that remained low during the cold exposure. In contrast, diurnal meal frequency was unaltered.
Average nocturnal meal size, which did not significantly increase before 8 days of cold, reached a plateau in 2 wk, whereas the average diurnal meal size did not significantly change until late in the exposure period. "Warm" (24°C) reentry elicited an abrupt increase in nocturnal meal frequency and a reduction in average nocturnal as well as diurnal meal size. It thus appears that even in the face of a sudden increase in energy expenditure resulting from cold exposure, adult rats do not immediately adjust their daily food intake. On the other hand, the adaptive hyperphagic response occurring after cold acclimation is abolished when the energy demand is eliminated, i.e., when the animals are removed from the cold. diurnal food intake; nocturnal food intake; meal frequency in rats; meal size in rats; cold-induced feeding patterns; warminduced feeding patterns   -INCREASED  CALORIC  INTAKE orvoluntaryfoodconsumption relative to body weight follows the cold exposure of rats, presumably as a mechanism for meeting the demands of increased heat production (2, 3, 5, 19) . Increases in food intake during cold exposure occurred even when rats were fed imbalanced diets that normally depress food intake and growth of room temperature animals (6, 8). However, inspite of such reports of increased caloric intake, no information is available regarding the detailed mode of changes occurring in the food-intake pattern, i.e., whether alterations in meal size and/or frequency are triggered by acute or prolonged exposure to the cold environment. Because the control of food intake in rats may be accomplished by varying either or both of these parameters (10, 12, 13, X5,17), the present study is aimed at determining which in fact occurs. Specifically, nocturnal and diurnal meal frequencies and meal sizes were monitored during the acute and chronic phases of cold exposure as well as during reentry of the cold-acclimated rats to a temperature (24°C) within the behavioral thermoneutral zone of the animal (4).
METHODS
Four adult male Sprague-Dawley rats (430-450 g) were maintained individually in screened-bottom Plexiglas cages (12 x 12 x 24 inches) at 24" t l°C in an airconditioned room situated near a walk-in cold room (5" t 1'C). This arrangement was aimed at minimizing any disturbing effects of transferring the rats between the "warm" (24°C) and the cold environments. Both rooms were kept on a 12:12 h dark-light cycle with lights off from 6 P.M. to 6 A.M.
Food was freely accessible via a feeder positioned on one side of the cage above a plastic food cup which was attached to an electronic recording balance. A multichannel event recorder was used in conjunction with the recording balance to allow continuous measurement of the feeding patterns of the animals (15, 17) . Water was available at all times. Total food intake and detailed food intake patterns were recorded for 7 days at room temperature (24°C) and served as base-line control values.
On day 8, animals were transferred from room temperature to the cold 2 h prior to the start of the dark cycle, i.e., at 4 P.M. Food and water, equilibrated to the temperature of the cold room, were available to the rats immediately prior to the nocturnal feeding period. Whether in the warm or cold, the animals were undisturbed until 1 h before the next dark cycle when food and water were replenished and balances and recorders attended. After that, availability of food was synchronized with the dark cycle, and food intake patterns were recorded for a 23-h interval daily.
The rats were maintained at 5" t l°C for 77 days and then returned to the 24°C environment. Food consumption was measured daily, and detailed recording of dietary patterns was performed as indicated. Daily body weights of the rats were registered for 2 wk prior to cold exposure and periodically thereafter during the entire experimental period. Each rat served as its own control and throughout the experiment was fed a 15% casein, low-fat diet containing the necessary carbohydrates, vitamins, and minerals. Casein was added at the expense of carbohydrate, with the detailed composition of this diet having been previously reported (14). "Meal fre-
quency" refers to the number of meals eaten during the specified interval of time, i.e., nocturnal (during lights off), diurnal (during lights on), or daily (during one nocturnal plus one diurnal interval).
"Meal size" refers to the number of grams eaten per meal, whereas "average meal size" was calculated as the total amount of food eaten during the specified interval (as defined above) divided by the number of meals eaten during the interval. The data were subjected to analysis of variance, followed by Duncan's multiple-range test (18) . RESULTS 
AND DISCUSSION
The detailed quantitative analysis of the daily (i.e., the sum of nocturnal and diurnal values) food-intake patterns before and during cold exposure is shown in Table 1 by the end of the cold exposure had increased 71% relative to that measured at 24°C (Table 1) . Nevertheless, as a result of an initial drop in meal size as well as frequency, the daily food intake of the rats during the initial phase of cold exposure, e.g., day 2, was significantly depressed (P < 0.05). This decreased food intake was accompanied by a continuous weight loss until days 9-10 of cold exposure when this trend reversed. However, even after 51 days in the cold, the body weights of the rats (3 = 471.5 ? 11.5 g) were still below that prior to their transfer to 5°C. This loss of body weight during the first 7-10 days of cold is comparable to that previously seen (5, 9) and is probably attributable to the negative caloric balance induced by the cold environment. That is, Babineau and Page (1) have shown that during the 1st mo of cold exposure, rats draw on their body-fat reserves while during the 2nd mo, these fat deposits are replenished.
Daily meal frequency (the sum of the number of nocturnal and diurnal meals eaten) tended to be depressed during the entire period of cold exposure (77 days), although these differences were not statistically significant. On the other hand, the average daily meal size was significantly elevated (P < 0.01) by the 8th day and Analysis of the nocturnal and diurnal meal patterns (Table 2) showed a considerable reduction (P < 0.01) in nocturnal meal frequency from the beginning of cold exposure with no significant change in diurnal meal frequency.
That this decreased nocturnal meal frequency was not limited to the acute stages of cold exposure indicates that it cannot be explained as resulting simply from discomfort of the animals due to shivering activity; i.e., nocturnal meal frequency after 77 days of cold (when nonshivering thermogenesis has increased and shivering is absent) was comparable to that seen during the early stages of cold exposure. Moreover, the The average nocturnal meal size tended to increase by 4 days in the cold but was not significantly elevated (P < 0.05) until 1 wk had elapsed (Table 2) . Thereafter, average nocturnal meal size continued to rise, reaching a plateau after II. days and remaining elevated until removal from the cold. In contrast, the average diurnal meal size did not immediately change significantly but, at 77 days of cold exposure, had increased 124% (Table  2) 'Thus, the depression in daily food intake of the acutely cold-exposed rats was due primarily to the decreased nocturnal meal frequency, whereas the subsequent hyperphagia primarily reflected elevations in nocturnal meal size. The nocturnal meal frequency was depressed throughout the cold exposure. These findings are in contrast to those of Kraly and Blass (10) who observed increased meal frequency rather than meal size in acutely cold-exposed rats (10). However, their results were obtained only for brief cold exposures (6 h or less) in rats deprived of food for 24 h prior to cold exposure and in rats fed liquid diets. Similar effects of cold exposure were not observed in rats fed a solid diet (10).
Thus, the increase in nocturnal meal size and decrease in meal frequency observed in the present study do not support the suggestion of LeMagnen (II) that the immediate regulation of daily food intake in response to changing energy output is accomplished by variation in meal size rather than meal frequency.
Upon return of the rats to a warm environment after 77 days of continuous cold exposure, there occurred a significant reduction (P < 0.01) in voluntary food intake (Table 3 ). This abolition of the cold-induced hyperphagia was immediate (dcly 1 of reentry), with the magnitude of the reduced daily intake being comparable to that observed prior to cold exposure. Similar immediate and marked food intake reduction with no noticeable change in body weight was observed by Cottle and Carlson (4) when rats were brought from prolonged cold exposure (5°C) to 25°C temperatures.
In the present study, this drastic decrease in food intake was due to the immediate depression in daily meal size and a return of the feeding pattern to that previously observed at 24°C. Nonetheless, despite this sudden reduction in daily food intake, the rats gained weight following removal from the cold.
Analysis of the nocturnal and diurnal meai paiterris indicated that warm reentry (i.e., to 24°C) evoked an immediate increase in nocturnal meal frequency (P < 0.05) with no significant change in the frequency of diurnal meals (Table 4) . On the other hand, there occurred a rapid and continuous decrease in the average nocturnal meal size (P < 0.01) whereas the average diurnal meal size, although significantly reduced initially (P < 0.05) tended to be more variable (Table 4) .
It would appear, therefore, that the abrupt reduction in food intake when the rats were removed from the cold can be attributed to reductions in nocturnal and diurnal meal size that override the increase in nocturnal meal frequency.
The relative frequencies of nocturnal meal size of the rats before, during, and after cold exposure are illustrated in Fig. 1 . Even after 11 days of cold exposure, the rats still consumed meals of 0.5 g or less. However, at 77 days, the minimum nocturnal meal size had increased to 1.5 g and the majority of meals were over 4 g. Removal of the rats from the cold was followed by a resumption of the intake of small meals (0.5 g or less). Figure 2 summarizes the relative frequencies of the diurnal meal sizes through the entire experimental period. From the beginning of cold exposure, the rats consumed larger meals during the day, but they never eliminated their diurnal consumption of meals 0.5 g or less as they did during their nocturnal feeding period. Moreover, the changes in diurnal meal size on reentry into the warm environment were less pronounced than those occurring in the nocturnal period.
The present results thus demonstrate that, even though the adult rat is exposed to environmental conditions demanding increased energy turnover, there does not occur an immediate hyperphagia. Instead, the rats draw initially upon their stored energy reserves and do not in fact establish elevated levels of food intake until Table 2 for total number of meals and average meal size for same experimental period.
after more than a week of cold exposure. The fact that the negative energy balance induced by acute cold exposure was not corrected by an immediate hyperphagic response suggests that regulation of the daily caloric intake of adult rats possessing adequate energy stores is not based on maintenance of energy balance. On the other hand, the increase in food intake occurring later in the cold exposure period is rapidly abolished when the rat is removed from the cold, and the requirement for increased energy turnover is alleviated. These temporal differences in the food intake responses to varying ambient temperatures suggest that different mechanisms may be associated with the triggering and/or
